Influence of some new am inophosphonates on electrolyte leakage from cucumber (Cucu mis sativus cv "Wisconsin") cotyledons as well as on the content of chlorophyll and activity of guaiacol and pyrogallol peroxidase were studied. Concentration of malondialdehyde (M DA), one of the end-products of lipid peroxidation, was also measured.
Introduction
X enobiotic exposure may induce cellular injury due to membrane damage, which would seriously affect cellular structures and function (Crowley, 1980) . The toxicity is usually related to the redox cycling phenom enon which prom otes the forma tion of free radicals, identified as responsible for oxidative stress. Frequent and long-termed dura tion of oxidative stress leads to various pathologi cal changes in organisms, dangerous maladies in cluding (Braughler and Hall, 1989 ; Piotrowski et al., 1990; Adams and Odunze, 1991; Gey, 1993; Smith et al., 1994). The free radical-mediated ef fects include D N A damage, enzym e inactivation, and cellular or subcellular membrane peroxidation resulting in the generation of lipid hydroperoxides and com plexes of carbonyl com pounds including malondialdehyde (Pryor, 1984; Slater, 1984) . Cel lular damage is usually preceded by the impair ment of antioxidant biochem ical mechanisms that quench radicals before they initiate molecular ef fects. A m ong oxidative defenses, the antioxidant enzymes catalase, peroxidase (PO X, EC 1.11.1.7) and superoxide dismutase are involved in the scav enging of reactive oxygen species (Castillo, 1992 In peroxisomes, mitochondria and cytosol cata lase play a key role in controlling the level of hydrogen peroxide (Foyer, 1994) . Guaiacol and pyrogallol peroxidases, modulated by xenobiotics, are among the various peroxidases found in plant cells (Castillo, 1992) . In addition to being impli cated in the reaction of polymerisation of lignin precursors, their activity is also induced during many stress events (Knörzer et al., 1996) . This work contains observations on activity of guaiacol and pyrogallol peroxidases activities in cucumber cotyledons treated by some am inophos phonates synthesized for potential use as herbi cides. Generally, they constitute two groups of compounds, acyclic and cyclic, with different sub stituents at the carbon, phosphorus and nitrogen atoms in individual compounds. The aim of these studies was to select the best potential biologically active aminophosphonates. Studies on peroxidases activity were accompanied by measurements of conductance of aminophosphonates-treated tissue, lipid peroxidation and chlorophyll content in coty ledons. Chlorophylls were extracted in 80% acetone (Lichtenthaler, 1987) .
Materials and Methods

Cucumber
A ll biochemicals reagents were of the highest quality available.
Am inophosphonates studied were synthesized at the Departm ent of Organic Chemistry, B io chemistry and Biotechnology, Technical University of Wroclaw. Their general structure and particular substituents are given in Table I . Synthesis details as well as spectral data are given elsewhere (Wieczorek et al., 2 0 0 0 ; 2 0 0 1 ). CH, n -C ,H 7 «-C4H 9 /2-C4H 9 8 CH , C H , «-C 14H 29 n-C4H 9 9 CH , «-C4H 9 «-C5H11 k-C4H 9 n -1 is for compounds with a pentane ring, n = 2 for these with a hexane ring.
Results and Discussion
The results of aminophosphonate-induced changes in conductivity of the efflux are shown in Table II . Some differences betw een the values of conductance are small, which permit to divide the compounds into three groups. The sequence of the activity of those groups is like follows: (2, 3) > (7, 8 , 9) > (1, 4, 5, 6 ).
It can be easily seen that the changes in conduc tivity are almost exactly followed by aminophosphonates-induced lipid peroxidation (Table II) . On the other hand, the chlorophyll content (Table  II) roughly follows the reverse sequence. The ob vious conclusion is that the more damaged the membrane tissue is less chlorophyll content is found. This conclusion is confirmed by the obser vation that chlorophyll content decreased with increase in concentration of a particular aminophosphonate while both the conductance and the malondialdehyde (M D A ) concentration increased. Compounds containing hydroxyl groups in their substituent at the nitrogen atom (compounds 5 and 6 ) exhibited a weak influence on both con ductance and chlorophyll content, especially when used in the lowest of concentrations used. On the other hand, the strongest modifiers were found to be compounds 2, 3 and 8 . A ll of them have a hy drocarbon chain containing at least 8 carbon atoms. It seems that such a substituent should be combined with a short one at the phosphorus atom. A nother conclusion is that acyclic com pounds (7 and 9) are more effectively influencing the parameters studied than cyclic ones (1 and 4), probably due to the slightly greater lipophilicity produced by the substituents R 3 and R 4 of the cyclic aminophosphonates. It is worth noting that the majority of the aminophosphonates studied were tested for poten tial antioxidative activity. It was found that this ac tivity, although not very intensive, depended in similar way on their structural features. Especially good correlation between conductance and antiox idative activity experiments was found for com pounds containing hydroxyl groups at the nitrogen atom substituents. Their antioxidative activity was significantly lower than that of other compounds (Kleszczynska and Sarapuk, 2001) .
It was shown previously that membrane destruc tion by organophosphorous compounds is closely related to lipid peroxidation (Linsel et al., 1988) . Our studies evidence that the protective enzymes pyrogallol and guaiacol peroxidases follow a pattern which indicates general cellular disruption. Pyrogallol peroxidase seems to be more sensitive to aminophosphonates. This is not surprising, be cause peroxidase is localized in the vacuole and near the plasmalemma and both tonoplast and plasmalemma have been shown to be sites of dam age caused by aminophosphonates. The results ob tained indicate that the sequences of increase in activity of both peroxidases mimic quite well that obtained for change in chlorophyll content of cel lular extracts (Table II) . A slight dependence of their activity on aminophosphonate concentration was also observed. These results may be inter preted as a response of cotyledons to aminophosphonate-induced oxidative stress, especially in view of extraplastidic H 2 0 2 quenching by peroxi dase.
